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US-PAT-NO: 6812050 



DOCUMENT-IDENTIFIER: US 68 1 2050 B 1 

TITLE: System and method of evaluating gate oxide integrity for 

semiconductor microchips 



KWIC 

Abstract Text - ABTX (1): 

The present invention provides a system and method for evaluating gate oxide 
integrity in a semiconductor wafer. The system may include: a semiconductor 
wafer; a layer of gate oxide on the semiconductor wafer; a layer of polysilicon 
on the gate oxide; an electron beam microscope with adjustable energy levels, 
wherein the electron beam is directed at the semiconductor wafer; an electron 
beam inspection tool used to detect passive voltage contrasts within the gate 
oxide layer. The system may also include a measuring tool for measuring an 
electrical current level of the semiconductor substrate. The system may also 
include an electrical ground connected to the semiconductor wafer. The system 
may also include the energy levels vary from about 600 eV to 5000 eV. 

Detailed Description Text - DETX (7): 

Electron-beam (e-beam) tools like the Secondary Electron Microscopes (SEM) 
and E-beam inspection tools like eS20 (Registered TM of KLA-Tencor Corporation) 
are regularly used for imaging defects (SEM) and detecting passive voltage 
contrast (eS20). The tools employ an electron beam with adjustable beam 
energies. Now referring to FIGS. 2 and 3, the e-beam 100, when incident on a 
wafer 101, induces secondary electrons 102 which are produced due to 
interaction of e-beam electrons with the surface atoms of the wafer, including 
the gate oxide 106 on top of a silicon wafer substrate 108. The emitted 
secondary electrons 102 are then captured by a secondary electron detector (not 
shown) to image the wafer 101 surface. A ground path that leads to the surface 
of wafer 101 conducts electrons away from the wafer surface as shown in the 
general direction by arrow 104. 

Detailed Description Text - DETX (9): 

In addition, poly features 120 which are not grounded or have a presence of 
an insulating dielectric 106 between them and the wafer substrate 108, result 
in charge accumulation on the surface. The charge accumulation builds up an 
electrical field across the dielectric oxide. These features appear bright to 
the secondary electron detector as the surface accumulates charge. These 
bright and dark contrasts are termed ' passive voltage contrast '. A dark 
feature indicates catastrophic breakdown in the gate oxide integrity. SEM 
inspection tools like the eS20 can be programmed to detect such voltage 
contrast differences. For thin gate oxides, such an electrical field resulting 
from incident e-beams will stress the oxide and induce a 'stress induced 
leakage current' (SILC). SILC is analogous to current voltage characteristics 
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obtained at the end of line on a finished product probe yield. With increasing 
electrical fields, the dielectric eventually breaks down and bleeds charge to 
the wafer substrate. This is effectively gate oxide breakdown. The breakdown 
changes the charge density on the feature surface and its secondary electron 
scattering intensity changes from 'bright' to 'dark\ Essentially, gate oxides 
under poly features which are weaker will leak and breakdown at lower e-beam 
energies and lesser charge accumulation fields than more robust oxides. A soft 
breakdown can be detected as a relative increase in substrate current from 
nominal value for a known oxide thickness through the same methods. Thus, a 
tool like the eS20 can then be used to identify regions of weak oxides which 
change contrast for lower e-beam energies due to breakdown. This system and 
method can be implemented by succesively scanning the wafers to detect voltage 
contrast with successive ramped e-beam energies. In the one embodiment, 
substrate currents were measured for e-beams with increasing energies between 
600 [v] eV and 5000 [v] eV. The charge needed to breakdown is used to extract 
a spatial GOI metric. 

Claims Text - CLTX (7): 

7. The method of claim 1 further including using the electron beam 
inspection tool to detect passive. , voltage contrasts within a gate structure. 

Claims Text - CLTX (8): 

8. A method for evaluating gate oxide integrity within a transistor in a 
semiconductor wafer, the method comprising: providing a semiconductor wafer; 
forming a gate oxide layer of 0 to 100 angstroms on the semiconductor wafer; 
forming a polysilicon layer on the gate oxide layer; directing an electron 

beam of variable energy toward the semiconductor wafer; using an electron beam 
inspection tool to measure passive voltage contrasts within the gate oxide 
layer, and estimating and mapping a thickness of the gate oxide layer. 
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DOCUMENT-IDENTIFIER: US 6236222 Bl 

TITLE: Method and apparatus for detecting misalignments in 

interconnect structures 



KWIC 

Abstract Text - ABTX (1): 

Disclosed is a method for inspecting electrical interconnections in a 
multi-level semiconductor device. The method includes forming an interconnect 
structure in the multi-level semiconductor device. The interconnect structure 
has a lower metallization layer that lies in a lower level and an upper 
metallization layer that lies in an upper level. The method includes 
performing a passive voltage contrast operation using a scanning electron 
microscope to produce an image of the upper metallization layer of the 
interconnect structure. The method further includes inspecting the image 
produced by the scanning electron microscope to determine whether a 
misalignment is present in the interconnect structure. Additionally, the 
scanning electron microscope applies a beam of electrons over a selected 
portion of the interconnect structure, and secondary electrons are emitted off 
of the upper metallization layer in response to the beam of electrons. 
Therefore, by examining the intensity levels of the secondary electrons, it is 
possible to determine whether misalignments have occurred. 

Brief Summary Text - BSTX (16): 

In one embodiment, a method for inspecting electrical interconnections in a 
multi-level semiconductor device is disclosed. The method includes forming an 
interconnect structure in the multi-level semiconductor device. The 
interconnect structure has a lower metallization layer that lies in a lower 
level and an upper metallization layer that lies in an upper level. The method 
includes performing a p^ssiy^ operation using a scanning 

electron microscope to produce an image of the upper metallization layer of the 
interconnect structure. The method further includes inspecting the image 
produced by the scanning electron microscope to determine whether a 
misalignment is present in the interconnect structure. 

Brief Summary Text - BSTX (18): 

In yet another embodiment, a system for inspecting electrical 
interconnections in an interconnect structure of a multi-level semiconductor 
device is disclosed. The interconnect structure has a lower metallization 
layer that lies in a lower level and an upper metallization layer that lies in 
an upper level. The system includes a meains for performing a EMSlX£,vsjiSS£ 
contrast operation using a scanning electron microscope to produce an image of 
the upper metallization layer in interconnect structure. The system further 
includes a means for inspecting the image produced by the scanning electron 
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microscope to determine whether a misalignment is present in the interconnect 
structure. 

Drawing Description Text - DRTX (4): 

FIG. 2 is a simplified diagram of a passive voltage contrast (PVC) system 
that may be used for detecting misalignments in interconnect structures in 
accordance with one embodiment of the present invention. 

Detailed Description Text - DETX (3): 

FIG. 2 is a simplified diagram of a passive voltage contrast (PVC) system 
200 that may be used for detecting misalignments in interconnect structures in 
accordance with one embodiment of the present invention. As shown, the PVC 
system includes a vacuum chamber 202 of a scanning electron microscope (SEM) in 
which a test wafer 206 is placed. Specifically, the wafer 206 rests on a stage 
204 within the vacuum chamber 202. The stage 204 includes a wafer support 
member 212 and a pivoting mechanism 214 for adjusting the angle of the wafer 
support member 212. 

Claims Text - CLTX (3): 

performing a passive y o Itage contra st operation using a scanning electron 
microscope to produce an electron intensity image that is defined from the 
upper metallization layer of the interconnect structure; and 

Claims Text -CLTX (18): 

13. A method for inspecting electrical interconnections in a semiconductor 
device as recited in claim 1 , wherein a computer system is coupled to the 
scanning electron microscope that is set to repetitively perform the passive 
volta ge contrast operation and the inspecting operation over a wafer. 

Claims Text - CLTX (26): 

means for performing a passive voltage contrast operation using a scanning 
electron microscope to produce an electron intensity image that is defined from 
the upper metallization layer in interconnect structure; and 
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TITLE: Wafer-level transfer of membranes in semiconductor 

processing 



KWIC 

Detailed Description Text - DETX (4): 

Referring to FIG. 1A, the carrier wafer 100 is a silicon-on-insulator (SOI) 
wafer which includes the silicon membrane 101 (e.g. on the order of one micron 
to tens of microns), a thick single-crystal silicon layer 105 (e.g., a few 
hundred microns), and a thin insulator layer 103 of less than one micron formed 
of an insulating material such as a silicon oxide and a silicon nitride and 
sandwiched between the silicon layers 101 and 105. The insulator layer 103 is 
assumed to be silicon dioxide as an example in the following description. A 
semiconductor other than silicon may be used for the wafers 100 and 200, 
including germanium, a III-V compound like GaAs and GaP, and a II-VI compound. 
The use of GaAs and other semiconductors for semiconductor opto-electronic 
devices as the device wafer 200 allows for integration opto-electronic 
components in the final device. 

Detailed Description Text - DETX (9): 

The selective etching is performed in 3 etching steps. First, the bulk of 
the silicon in the central region 220 of the silicon layer 105 is etched away 
by a wet etching process which may be performed by exposing the central region 
220 of the silicon layer 105 in a 25 wt % Tetramethylammonium hydroxide (TMAO) 
bath at about 80. degree. C. until the buried oxide layer 103 is exposed. 
Other etching chemicals such as KOH may also be used in the wet etching 
process. This produces a central opening 301 in the carrier wafer 100 and 
leaves the peripheral portion 302 unchanged due to the isolation by the Teflon 
fixture (FIG. 3B). Second, the exposed insulator layer 103, i.e., the oxide 
layer in this example, is removed by first an ashing process by using an oxygen 
plasma in a plasma etching chamber to remove a bulk part and then by using 
dilute hydrofluoric acid (49% BF) droplets to remove the residual oxide. This 
process exposes the membrane 101 in the opening 301 (FIG. 3C). 

Detailed Description Text - DETX (13): 

FIGS. 6A-6L illustrate fabrication of a deformable mirror where both the 
mirror and the underlying actuators are fabricated by the membrane transfer 
process. FIG. 6A shows a SOI carrier wafer and silicon device wafer are 
prepared. In FIG. 6B, a 1 -micron thick corrugated polysilicon membrane is 
fabricated on the SOI wafer and is doped to be conductive as part of an 
electrostatic actuator array on the device wafer that deform the mirror. The 
corrugated structure is designed to control the deflection of the actuator and 
to release the stress caused by the bonding and deposition process and the 
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intrinsic stress of membrane materials. 

Detailed Description Text - DETX (16): 

FIGS. 8A-8D show fabrication of another deformable mirror where a reflective 
silicon membrane 101 in a SOI carrier wafer is directly transferred onto an 
array of actuators 810 formed on a device wafer 800. The actuators 810 may be 
previously fabricated on the wafer 800. 
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